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Basic Idea of “energy efficiency” 
Rebound

Simplest concept:

• When a new technology enables more energy services 
to be provided per unit of physical energy, it looks to 
the user like a price reduction.

• A price reduction typically causes a demand increase

• Energy services demand goes up, and the physical 
energy to supply it follows.

• This is offset by a reduction in physical energy use 
owing to the efficiency gain.

• The resulting physical energy use depends on the 
balance, but will be higher than projected assuming 
only the % efficiency gain portion.
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Basic Idea of “energy efficiency” 
Rebound (continued)

“A price reduction typically causes a demand increase“:

• How much? You ask.

• It depends primarily on two things: 

• The extent to which the physical (productive) 
economy is flexible enough to take advantage of the 
cheaper energy services to substitute for other 
inputs to production (capital, labor). Embodied 
formally in the “elasticities of factor substitution.”

• The extent to which households substitute, as a 
result of cheaper energy services, in a way so as to 
alter their consumption baskets toward more energy-
intensive goods and services. Embodied formally in 
the “price elasticities.”
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Energy efficiency gains do not operate 
as intuition might suggest.
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Distribution of Energy Use
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Rebound magnitudes are uncertain, but 
increase with system scale and complexity
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Energy Intensity
“Energy Intensity” is a crude, imperfect, but useful proxy 
for tracking energy efficiency

• Energy Intensity I = E/Y

• where E is physical energy use and Y is useful 
output, often GDP

• The rate of decline of energy intensity is often treated 
as the rate of energy efficiency improvement

• However, many things besides energy efficiency affect 
both the numerator and denominator of energy 
intensity.

• When used as a metric of energy efficiency gain, 
forecasts of intensity have been well off the mark (e.g., 
IEA).  Probably because they ignore rebound effects.
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Energy Intensity is larger in earlier 
stages of development

12

0

5

10

15

20

1850 1875 1900 1925 1950 1975 2000 2025

G
J 

pe
r 

$ 
G

D
P 

(2
01

9)
OECD Europe
Non-OECD Europe & FSU
OECD North America
Latin America
Middle East
Asia-Pacific
Africa

0

5

10

15

20

25

30

35

40

1850 1875 1900 1925 1950 1975 2000 2025

G
J 

pe
r 

$ 
G

D
P 

(2
01

9)

Germany
United States
United Kingdom
Sweden
Italy
Brazil

(a)

(b)

(c)

Energy Intensity

Energy per Capita



There are ethical tradeoffs with respect 
to rebound
…arising in discussions about policy measures to suppress 
rebound

• Rebound means energy efficiency gains do not reduce 
physical energy use – and associated emissions – as 
much as might be hoped for

• HOWEVER, rebound increases economic welfare

• Countries in the early stages of development need more 
physical energy per unit output, as they build out the 
infrastructure of modernity.

• “Rebound suppressing” policies come at the cost of 
reduced welfare, especially for those in energy poverty

• Developing countries will likely make the tradeoff in 
favor of increased welfare rather than reduced energy 
use. 13
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The Eco-economy, simplified
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N=N(R, R, W, A)

R is Replenishment of natural capital

N is the prevailing stock of natural capital

R is the current natural resource draw

A is the waste absorbed by natural capital
W is the waste inflicted on natural capital



From this comes a simple (simplistic!) 
equation

• When R (resource use) is substituted to replace E 
(energy) in a neoclassical model, R experiences rebound

• So there is general resource rebound

• There are early indications that waste W likewise 
exhibits rebound behavior

• When waste reduction/disposal efficiency increases, 
the quantity of waste inflicted on natural capital is 
greater than intuition would suggest. 
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Nt = Nt-1 + (Rt - Rt) + (A t - Wt)
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Waste Rebound Experts
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General Reference: Waste Rebound

19

Trevor Zink, Roland Geyer, “Circular Economy Rebound,” 
Journal of Industrial Ecology, 21(3) 2017 
https://doi.org/10.1111/jiec.12545

https://doi.org/10.1111/jiec.12545
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General Reference: Energy Rebound
(Rebound section lists multiple references)
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11 different countries represented; 19 co-authors;
multiple disciplines
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BACKUP SLIDES
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Overall Structure

24

Household Choices
Consumption (C); Savings (S); Leisure Time (l); Natural Capital (₦) 

Producers
Capital (K), Labor (L)

Natural Capital
Absorption (A); Replenishment (R)

Goods/
Services Investment Labor

Resources Waste

Natural Capital


	World Without Waste:�Energy Rebound
	AGENDA
	Basic Idea of “energy efficiency” Rebound
	Basic Idea of “energy efficiency” Rebound (continued)
	Energy efficiency gains do not operate as intuition might suggest.
	AGENDA
	Distribution of Energy Use
	AGENDA
	Rebound magnitudes are uncertain, but increase with system scale and complexity
	AGENDA
	Energy Intensity
	Energy Intensity is larger in earlier stages of development
	There are ethical tradeoffs with respect to rebound
	AGENDA
	The Eco-economy, simplified
	From this comes a simple (simplistic!) equation
	AGENDA
	Waste Rebound Experts
	General Reference: Waste Rebound
	Energy Rebound Experts
	General Reference: Energy Rebound�(Rebound section lists multiple references)
	Questions/Comments/discussion
	Backup Slides
	Overall Structure

